Background: More than 3.8 million children sustain traumatic brain injuries annually. Treatment of posttraumatic headache (PTH) in the emergency department (ED) is variable, and benefits are unclear. Objective: The objective of the study is to determine if intravenous migraine therapy reduces pain scores in children with PTH and factors associated with improved response. Methods: This was a retrospective study of children, 8 to 21 years old, presenting to a tertiary pediatric ED with mild traumatic brain injury (mTBI) and PTH from November 2009 to June 2013. Inclusion criteria were mTBI (defined by diagnosis codes) within 14 days of ED visit, headache, and administration of one or more intravenous medications: ketorolac, prochlorperazine, metoclopramide, chlorpromazine, and ondansetron. Primary outcome was treatment success defined by greater than or equal to 50% pain score reduction during ED visit. Bivariate analysis and logistic regression were used to determine predictors of treatment success: age, sex, migraine or mTBI history, time since injury, ED head computed tomographic (CT) imaging, and pretreatment with oral analgesics. Results: A total of 254 patients were included. Mean age was 13.8 years, 51% were female, 80% were white, mean time since injury was 2 days, and 114 patients had negative head CTs. Eighty-six percent of patients had treatment success with 52% experiencing complete resolution of headache. Bivariate analysis showed that patients who had a head CT were less likely to respond (80% vs 91%; P = .008). Conclusions: Intravenous migraine therapy reduces PTH pain scores for children presenting within 14 days after mTBI. Further prospective work is needed to determine long-term benefits of acute PTH treatment in the ED.
1. Introduction
Background
An estimated 3.8 million recreation-and sports-related concussions occur each year in the United States [1] . In children younger than 15 years, the estimated number of emergency department (ED) visits for mild traumatic brain injury (mTBI) is 500000 per year [2] . In the pediatric ED, children commonly present either with their initial injury or subsequently with postconcussive symptoms. Headache is the most common initial symptom and has been reported in up to 71.5% of children hospitalized with concussion [3] . Not only is posttraumatic headache (PTH) common in the acute period, but it may persist in up to 43% of children 3 months after the traumatic brain injury [4] . Chronic daily headaches lead to physical distress and impairment in school and emotional functioning [5] .
The American Academy of Pediatrics guidelines note that medication use for the treatment of PTH is an option but there is little evidence to support its efficacy [6] . Systematic reviews from Watanabe et al [7] and Lucas [8] recommend treatment of PTH based on headache characteristics. They summarize the literature on medications such as tricyclic antidepressants, topiramate, and triptans; however, studies are limited to the adult population and outpatient settings.
Up to 38% to 55% of children with PTH have characteristics similar to migraines, which may help physicians tailor their treatments [9] . Kuczynski et al [10] demonstrated improvement in chronic PTH in children treated with oral medications, amitriptyline and topiramate, in the outpatient setting. Effective medications commonly used to treat acute migraine headache in the ED are ketorolac, prochlorperazine, and metoclopramide [11] [12] [13] [14] . However, the benefits of intravenous (IV) migraine therapies for PTHs in children within the first few weeks after an mTBI have not been studied.
The primary objective of our study was to estimate the proportion of patients with PTHs who were successfully treated in the ED with IV 
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American Journal of Emergency Medicine j o u r n a l h o m e p a g e : w w w . e l s e v i e r . c o m / l o c a t e / a j e m migraine therapies within 14 days after an mTBI. Our secondary objective was to evaluate which clinical predictors are associated with treatment responders and nonresponders. We hypothesized that children treated for PTH within 14 days of an mTBI with IV migraine therapies will have reduced pain scores.
Materials and methods

Study design and setting
This was a retrospective, cross-sectional study of children (ages 8-21 years) presenting to the ED at a tertiary care children's hospital for a PTH within 14 days after an mTBI. Our children's hospital has 2 campuses: a level 1 trauma center and a satellite campus. There are approximately 118 000 visits annually at both sites. Approximately 1225 visits between both sites are mTBI related. Visits from both sites were combined into the analysis. The study was approved by our institutional review board.
Participants
Participants with a billing International Classification of Diseases, Ninth Revision, Clinical Modification, diagnosis code of mTBI (800.0-801.9, 803.0-804.9, 850-854.1, and 959.01) were identified in the electronic medical record. Records from November 2009 to June 2013 were included. In preparation to initiating the study, we reviewed the number of patients seen in our ED with International Classification of Diseases, Ninth Revision, Clinical Modification, codes meeting our proposed study criteria. This review allowed us to estimate the number of expected participants. Based on that preliminary data, we estimated that 300 patients would meet inclusion criteria. A sample this size would provide an estimate of the proportion of patients successfully treated within a maximum margin of error, depending on the estimated proportion, of ±4.5 percentage points assuming a 95% confidence interval (CI).
Eligible participants also received one or more of the following IV medications for PTH: ketorolac, prochlorperazine, metoclopramide, chlorpromazine, or ondansetron. In addition, patients presented to the ED within 14 days of their mTBI and reported persistent headaches since the injury. Exclusion criteria included Glasgow Coma Scale less than 14 on ED presentation, significant neurologic/neurosurgical history (eg, seizure disorder, ventriculoperitoneal shunt, nonverbal, developmental delay, or malignancy), positive head computed tomography (CT), multisystem trauma (eg, presence of long-bone fractures, or intra-abdominal injury), or inadequate pain score documentation. Pain score documentation was deemed inadequate if a pretreatment and posttreatment score was not available or if a pain scale other than the Numerical Rating Scale (NRS) was used.
Variables/data sources/measurements
Our primary outcome was the NRS pain score, which has been validated for use in children 8 years and older [15, 16] . Treatment success was defined by at least a 50% improvement from the patient's initial triage pain score to the last documented pain score after medications were administered and before final disposition. This threshold was chosen because it is a frequently used measure of treatment success in the migraine literature [17] [18] [19] . We also conducted a subanalysis to specifically look at the rate of treatment success in the 4 medication groups: (1) ketorolac only, (2) ketorolac plus metoclopramide or prochlorperazine, (3) prochlorperazine or metoclopramide only, and (4) ondansetron only.
Factors associated with response or nonresponse to treatment were explored in secondary analyses. The factors of interest were extracted from the electronic medical record and included age, race, sex, history of prior mTBI(s), history of migraine headaches, number of days since initial mTBI, ordering of ED head CT imaging, and pretreatment in the ED with oral analgesics (acetaminophen or ibuprofen). These factors were chosen because they have previously been studied and are thought to be associated with concussion-related recovery [4, 20, 21] . In addition, patients with adverse reactions to metoclopramide or prochlorperazine were identified through chart review as having akathisia and subsequent diphenhydramine administration.
Statistical methods
Descriptive statistics, including frequency distributions and mean values for categorical and continuous variables, respectively, were performed. A bivariable analysis was completed to determine the association of demographic and treatment characteristics with treatment success. χ 2 and t tests were conducted for categorical and continuous variables, respectively. A multivariable logistic regression model was developed to further explore factors associated with treatment success. The dependent variable was treatment success defined by at least a 50% reduction in pain scores. The independent variables listed above were the factors of interest. In addition, we tested for interaction effects between the following variables: age, sex, history of mTBI, and history of migraines. Knowing these factors are associated with concussion recovery, we wanted to assess whether the association of one factor with the treatment outcome is dependent on a second factor. We conducted a similar analysis, in which the variable age was divided into 2 subgroups: 8 to 12 and 13 to 21 years old [22] . The rationale for this was to try to account for the different treatment responses that, we hypothesized, may occur in different age subgroups. In addition, we tested whether different predictors such as history of mTBI were significant in different subgroups.
Results
During the study period, 369 patients presented to the ED within 14 days after an mTBI for PTH and were given at least one of the following IV medications: ketorolac, prochlorperazine, chlorpromazine, metoclopramide, or ondansetron. Patients were excluded for the following reasons: head CT showing evidence of intracranial injury (n = 35), incomplete pain scores or use of pain scales other than NRS (n = 27), absence of headache (n = 20), significant neurologic or neurosurgical history (n = 12), presence of headache before mTBI occurred (n = 9), characteristics consistent with moderate or severe traumatic brain injury (n = 8), other identifiable cause of headache (n = 3), and leaving against medical advice (n = 1). Fig. 1 demonstrates the final study population of 254 patients. Table 1 shows the baseline demographics and patient characteristics. The mean age was 13.8 years old, 51% were female, 80% were white, and average time since injury was 2 days. Only 14% of patients had a history of prior mTBI, whereas 21% had a history of migraine headaches. Fig. 2 summarizes the different mechanisms of injury with "falls" being the most common. Soccer, football, and basketball were the 3 most common sports-related injuries.
Of the 254 patients who were treated for PTH, 86.2% (95% CI, 82.0-90.4) experienced treatment success defined as a reduction of pain score greater than or equal to 50%. In addition, 52.4% (95% CI, 46.3-58.5) had complete resolution of their headache. Table 2 shows head CTs were obtained in 114 (45%) of patients. One hundred eighty-seven patients (74%) were treated with ketorolac, 214 patients (84%) were treated with an antiemetic (ondansetron, metoclopramide, or prochlorperazine), and 147 patients (58%) received a combination of both. No patients in our study population received chlorpromazine. Ninety-four patients (37%) received pretreatment with oral analgesics in the ED (acetaminophen or ibuprofen). A majority of patients were discharged from the ED (95%). The rate of akathisia in our population was 6% (12/201 patients received diphenhydramine for documented symptoms after treatment with prochlorperazine or metoclopramide).
A subanalysis of 4 specific medication combinations is shown in Table 3 . The combination of medications most frequently given was ketorolac and metoclopramide/prochlorperazine (n = 152), with 89% experiencing treatment success. Fifty-five patients received only ketorolac, with 80% experiencing treatment success. Thirty patients received metoclopramide or prochlorperazine, with 93% experiencing treatment success. Finally, 37 patients received only ondansetron, with 79% experiencing treatment success. All patients who received prochlorperazine/metoclopramide also received a bolus IV infusion of normal saline, whether in combination with ketorolac or not.
The bivariable analysis evaluated factors associated with treatment success (Table 4) . We found that patients who received a head CT were less likely to respond to treatment compared to those who did not receive head imaging (80% vs 91%, P = .008). All other factors were not significantly associated with treatment success. The multivariable analysis showed similar results (P = .006). Patients who did not receive a head CT were more likely to experience treatment success (odds ratio, 2.95; 95% CI, 1.39-6.56) compared to those who did. In addition, we assessed for 2-way interactions between age, sex, history of migraine, and history of mTBI and found that none were significant. Finally, the bivariable and multivariable models that included age as a categorical variable provided very similar results.
Discussion
Our study is the first to our knowledge to evaluate the potential benefit of IV migraine medications on PTHs in children presenting to the ED within 14 days after an mTBI. Most patients experienced treatment success (86%) and had complete headache resolution (52%), with a small incidence of adverse reactions (6%). These findings indicate that acute treatment of PTH with commonly used IV migraine medications may be beneficial in children and should be considered as a treatment option.
Because most previous works have focused on adults, in an outpatient or inpatient setting, and have been limited by small sample sizes, our study fills a critical gap in the literature by examining the benefits of acute treatment of PTH with typical IV migraine medications in children. A recent randomized controlled trial of children presenting to the ED with PTHs showed that hypertonic saline was more effective compared to normal saline in the treatment of PTHs in the ED [23] . They demonstrated a statistically significant mean improvement in pain scores in children treated with hypertonic saline compared to normal saline in the ED as well as during a 2-to 3-day follow-up period. This study was done in a similar population and setting to our study but did not address the use of IV migraine medications. They also used the Wong-Baker FACES pain rating scale as a continuous variable in their primary outcome as opposed to setting a threshold and definition for treatment success; therefore, we are unable to directly compare their outcomes to our study. Studies that evaluate the comparative and combined benefits of IV medications and saline are needed in the future. Triptans, topiramate, amitriptyline, valproic acid, dihydroergotamine, and propranolol have been shown to have varying degrees of effectiveness; however, research on these medications was done primarily in adults in the outpatient setting and is less relevant to the acute management of PTH in children in the ED setting [24] [25] [26] [27] [28] [29] [30] . McBeath and Nanda [29] performed a case series of 34 adult inpatients with postconcussive syndrome treated with repeated doses of dihydroergotamine and metoclopramide, and 85% of patients experienced good-to-excellent relief of headache. Although this study was done on adult inpatients with postconcussive symptoms lasting up to 3 years, it demonstrated a similar rate of treatment success to our study.
In subgroup analysis of those who received individual or combination therapy with ketorolac, metoclopramide, or prochlorperazine, the response rate ranged from 80% to 93%. The group with the highest rate of treatment success (93%) was the group that only received metoclopramide or prochlorperazine; however, that was also the group with the smallest sample size (n = 30). The group that received a combination of ketorolac and either metoclopramide or prochlorperazine was our largest group (n = 132) and had a high rate of treatment success (89%). This is relevant because these medications have been shown to be more effective in the treatment of acute migraine headache in children when given in combination in the ED [13] . All patients in these 2 groups received a normal saline bolus, which could have contributed to the treatment response.
In our study, receipt of a head CT was less likely to be associated with treatment success. The factors that affected the physician's decision to obtain a head CT may make this a higher risk group such as altered mental status, signs of a skull fracture, loss of consciousness, history of vomiting, persistent vomiting, severe mechanism of injury, severe headache, or parental influence [31] . Thus, we suspect that ordering a head CT was a surrogate marker of severity or physician concern, which may explain why these patients were less likely to respond to therapy.
Previous studies have cited that female sex and age play a role in the incidence of concussion and in predicting poor outcome; however, these factors were not associated with treatment success in our study [20, 32, 33] . Eisenberg et al [21] showed that children with previous concussions were at increased risk for prolonged symptoms; however, in our population, only 14% patients had a documented history of concussion, which limits our ability to evaluate this factor fully as a moderator or mediator of treatment response. Other factors such as race, history of migraines, number of days since initial mTBI, and pretreatment with oral analgesics were also not associated with treatment outcome.
Mihalik et al [34] showed that athletes with characteristics of posttraumatic migraine had more neurocognitive dysfunction compared to athletes without headaches or with nonmigrainous headaches after mTBI. Kontos et al [35] similarly showed that posttraumatic migraines were associated with neurocognitive impairment and made athletes 7 times more likely to take more than 21 days to recover. This further highlights the potential importance of treating PTHs acutely. Future prospective studies are needed to evaluate the association of treatment of PTH to neurocognitive recovery of postconcussive symptoms.
Limitations
This was a descriptive study without controls, and as a result, we cannot comment on the efficacy of this therapy. Some of the response may be related to placebo effect because of a lack of a control group. However, this study is the first step toward a larger prospective study evaluating the potential benefits of acute PTH treatment on longer term recovery after mTBI in children. This study was also limited by its retrospective design. Thus, we did not have follow-up data available and were unable to determine if medications had a long-term benefit. Some patients were missed and ineligible due to inadequate pain score documentation, which may have biased our results. In addition, 21% of patients with PTH had a history of migraine, which may have biased our results toward response to typical migraine therapy. Finally, we did not account for the potential treatment effect of IV fluids, which could have contributed to our results. The study was done at a single center, which limits its generalizability.
Conclusion
Our data suggest that IV migraine therapies reduce pain scores in children with PTHs within 14 days of an mTBI. Receipt of a head CT was associated with poor treatment response and was likely a surrogate marker of injury severity. Further prospective work is needed to determine efficacy, potential long-term benefits, and injury-related and individual characteristics associated with better treatment response. 
89%
Ondansetron only (n = 37) 78% 
